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Abstract 


!•  k  coentync  A**  and  HAD~llnkad  pyruvate  and  a>ketoglutarate  dehydro¬ 
genase  coaplaxas  have  been  Isolated  froa  pig  heart  muscle  as  multienzyme  unlt£> 
with  aoleeular  weights  of  approximately  9  and  2.7  million,  respectively.  Py¬ 
ruvate  dehydrogenate  complex  contains  approximately  67  moles  of  proteln-buuad 
lipolc  acid  and  17  moles  of  bound  FAD.  a-Ketoglutarate  dehydrogenase  complex 
contains  approximately  10  moles  of  proceln-bound  lipolc  acid,  9  moles  of  FPJD 
and  6  moles  of  thlamine-PP. 

2.  Both  complexes  vsre  activated  by  Ca^*  as  the  same  extent  as  Hg^*^ 
which  had  been  considered  as  one  of  the  typical  metal  activators  of  oxidative 
decarboxylation  react:^n  of  a-keto  acid.  These  activating  effects  were  Ic. 
good  agreement  with  ;>t(e  results  of  the  metal  contents  obtained  by  the  atomic 
absorption  aualyslc^  Pyruvate  dehydrogenase  complex  was  strongly  inhibited 
by  EDTA  at  low  cpncentracicn,  but  on  the  contrary  a>ketoglutarate  dehydro¬ 
genase  complex /<«a8  little  inhibited  by  EDTA  and  rather  obviously  inhibited 
by  8-hydroxytiuinollne . 

3.  Attempts  hsve  been  made  to  dissolve  both  complexes  into  three  es- 

’  sentlai  components  containing  each  coenzyme,  but  it  did  not  still  go  well  to 
restore  pyruvate  decarboxylase  activity.  Two  other  components;  lipolc  re- 
ductase-transacbtylase  and  Ilpoamide  dehydrogenase  were  isolated  in  pure 
status. 

4.  Preliminary  experiment  to  determine  the  structural  organization  of 
the  mammalian  pyruvate  and  a-ketoglutarate  dehydrogenase  complexes  have  been 
made  and  hopeful  results  were  obtained. 
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*.  A  stiiiiimcMit  and  nnal  v»sis  oi  thertroblem. 

KuKymc  i^ystems  which  cnti-.lyzc  CoA-  amt  NAO*llnked  oxidative  dacarbox** 
of  pyruvate  and  vi  ketor.liitarate  (Reaction  1)  have  been  iioia ted 
•  tracts  oF  Escherlc^^  coll  as  organized  units  with  molecular  weights  of 
ilvui  A.ii  oil  lllon  and  2,^  lull  lion,  respectively  (1-3).  The  E.  coH  pyruvate 

KiMCO  H  +  CoA-Slt  +  NAll*'  — ^  RCO-;;-CaA  +  COj  +  NADH  +  H+  (1) 

xvuciM’t’natlon  complex  has  been  resolved  Into  three  essential  componenta: 
lal  pyruvic  carboxylase  (dependent  on  added  thianine-PP) ,  (b)  lipoic  rc- 
JucLase-trnusiict'tylasc  (coutajins  protein-bound  lipoic  acid),  and  (c)  a  flavo- 
I'vutein  (dihyd roll pole  dehydrogenase,  contains  bound  FAD)  (4).  The  molecular 
u'clgbts  of  these  components  arc  approximately  183»000,  1.6  million  and 
U:\00u,  respectively.  These  components  reasaoclete  spontaneously  to  produce 
.1  li.iri'{>  unit  rescmblinv.  the  original  complex  in  composition  and  enzymatic 
iijcivities.  The  ploturi.  of  the  structural  organization  of  the  pyruvate  de¬ 
hydrogenation  complex  uhicb  .noerged  from  biochamlcal  studies  Is  that  of  an 
i-rijaii’zed  mosaic  of  enzymes  in  which  each  of  the  component  enzymes  is  unique¬ 
ly  located  to  permit  efficient  Implementation  of  a  consecutive  reaction  se- 
quh'ticc.  Tills  picture  has  been  confirmed  and  extended  by  correlative  electron 
microscope  studies  (!>).  Uloctron  micrographs  of  the  complex  negatively 
stained  with  phosphotungstate  indicate  that  it  hat  a  polyhedral  structure  with 
u  diameter  of  about  300  A  and  a  height  of  about  200  A.  The  lipoic  raductase- 
transacetylaso  aggregate  occupies  the  central  portion  of  the  polyhedron.  The 
subunits  of  this  aggregate  appear  to  be  arranged  into  4  stacks,  comprising  a 
tetrad.  Surrounding  this  tetrad  are  the  16  molecules  of  pyruvic  carboxylase 
and  h  molecules  of  dlhyd'rolipoic  dehydrogenase  apparently  arranged  into  two 
rings  laid  one  above  the  other.  It  is  tentatively  concluded  that  each  ring 
contains  8  molecules  of  carboxylase  and  4  moleculas  of  dehydrogenase  in  an 
alternating  sequence. 

An  a-ketoglutarate  dehydrogenase  complex  has  been  isolated  by  several 
investigators  from  pig  heart  as  an  organized  unit  of  high  molecular  weight. 
Recently  CoA-  and  NAD-linkcd  pyruvate  and  e-katoglutarete  dehydrogenase  com¬ 
plexes  has  been  succesfully  isolated  as  a  soluble  organised  unit-  of  high 
molecular  weight  from  pig  heart  (6).  Recent  work  has  been  concentrated  on 
the  following  studies:  (a)  convenient  purification  procedure,  properties  and 
the  electron  microscopic  mncromolecular  structures  of  the  complexes;  (b)  the 
mechanism  of  oxidative  decarboxylation  of  e-keto  acids;  (e)  the  resolution 
of  the  complexes  into  their  essential  components;  (d)  the  reconstitution  of 
the  complexes  fttmi  its  components  parts  to  produce  a  large  enzyme  unit  re- 
seiabllng  the  original  complex  1"  composition,  enzymatic  activities  and  their 
macromolecul.'iir  structure. 

2*  Outline  of  experimental  pi  occdure . 

Materials — CoA,  NAD,  NAOK,  FAD,  FMN,  Pyruvic  acid,  thiamlne-PP,  ATP 
'potassium  salt)  and  crystalline  bovine  serum  albumine  were  purchased  from 
the  Sigma  Chemical  Company.  Potassium  pyruvate  was  prepared  by  the  method 
t'f  Korkes  et  aX,.  (7).  L-Cy.iiein,  protamine  sulfate  (salmlne)  and  lactic  de- 
tiydrogcnase,  2  k  recryscallizeu  from  rabbit  skeletal  muscle  were  purchased 
from  Nutritional  biociiemicals  Corporation.  The  activity  of  lactic  dehydro- 
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gen«se  were  determined  by  the  method  of  Ochoa  et  ad .  (8) .  Oxidized  and  re¬ 
duced  lipoic  acid  and  its  derivatives  were  generous  gifts  of  Drs.  Tatsuoka, 

H.  Nawa  and  H.  Hlrano.  A  cell-free  extract  prepared  from  dried  cells  of 
Clostridium  kluyveri  (Worthington  Biochemical  Corporation)  by  the  method  of 
Stadtman  (9)  was  routinely  as  a  source  of  phosphotransacetylase .  Its  activity 
was  determined  by  the  method  of  Stadtman  (10).  Crystalline  D-amino  acid  oxi¬ 
dase  was  prepared  by  the  method  of  Yagi  and  Ozawa  (11),  and  its  apoenzyme  was 
prepared  by  the  Negeleln  and  BrBmel  (12) . 

Procedures — The  activity  of  D-amino  acid  oxidase  was  measured  by 
us,ing  a  Beckman  Clark  type  oxygen  electrode  with  a  model  160  physiological  gas 
analyzer.  Protein  was  determined  by  both  biuret  method  (13)  and  the  phenol 
method  of  Lowry  al.  (lA) ,  with  crystalline  bovine  scrum  albumin  was  served 
as  the  standard.  Calcium  phosphate  gel  suspended  on  Whatman  standard  grade 
cellulose  powder  was  prepared  as  described  by  Price  and  Greenfield  (IS).  The 
lipoic  acid  content  (calculated  as  (+)-lipoic  acid)  of  several  preparation  of 
the  complex  was  determined  nanometrtcally  with  lipoic  acid-deficient  Strepto¬ 
coccus  faccalis  lOCl  cells  (16).  The  sample  was  autoclaved  in  0.1  N  sodium 
hydroxide  in  sealed  test  tube  at  15  ib  for  3  hours  under  nitrogen  (17).  FAD 
content  of  the  enzyme  was  determined  according  to  the  method  of  Beinert  and 
Page  (18)  by  measuring  the  absorb.-»nce  of  neutralized  trichloroacetic  acid  ex¬ 
tract  at  450  mb  before  and  after  reduction  with  dlthionice.  Acid  extractable 
FAD  was  identified  by  paper  chromatography  (19)  and  the  full  activation  of 
apo-O-amino  acid  oxidase  system.  The  absorption  spectrum  and  optical  density 
change  in  kinetic  study  were  carried  out  with  Beckman  DB  spectrophotometer 
with  Sargent  SRL  recorder  or  Shimadzu  QR-50  spectrophotometer  with  Shimadzu 
AKP-21  potentiometrlc  recorder.  Thiamine-PP  was  determined  by  the  modified 
procedure  of  Kajlro  (20)  and  Green  ^  (21).  Cuvetts  with  I-cm  light  path 

were  used.  Electrophoretic  run  was  made  in  a  Hitachi  model  HTO-1  Tisselfus 
apparatus  at  4*  or  In  Zone  electrophoretic  apparatus  with  Cyanogum  41  gel  ac¬ 
cording  to  the  method  of  Raymond  et  (22).  Sedimentation  velocity,  dif¬ 

fusion  and  Archibald  procedure  for  measurement  of  molecular  weight  were  car¬ 
ried  out  with  Beckman  model  E  analytical  ultracentrifuge.  Some  diffusion  runs 
were  carried  out  in  Splnco  model  H  electrophoresis-diffusion  apparatus  with 
the  Schlleren  optics.  Contents  of  protein-bound  metal  ions  were  determined  on 
a  Hitachi  Perkin-Elmer  model  139  spectrophotometer  with  an  atomic  absorption 
attachment.  Electron  microscopic  analysis  was  carried  out  with  JEM6C  electron 
microscope . 

c.  Enzyme  assay — (1)  Pyruvate  dismutation  activity  baaed  on  Reaction  2 
was  essentially  the  same  as  that  described  by  Reed,  Leach  and  Koike  (23).  The 
reaction  mixture  contained  100  ymoles  of  potassium  phosphate  buffer  (pH  7.0), 

2  Pyruvate  +  Phosphate  -  /cetyl  phosphate  +  CO2  +  Lactate  (2) 

25  pmoles  of  potassium  pyruvate,  0.05  vmoles  of  CoA,  0.24  ymoles  of  NAD,  6.4 
pmoles  of  li^-Cystelne,  3  units  of  phosphotransacetylase,  2,000  unit  of  lactic 
dehydrogenase,  0.2  pmole  of  thlamlne-PP,  0.8  umole  of  magnesium  sulfate  and 
2  mg  of  bovine  serum  albumin,  in  a  final  volume  of  1  ml.  The  mixture  was  ia- 
eubaced  for  30  minutes  at  37"  .ind  then  assayed  for  acetyl  phosphate  (24). 
Specific  activity  is  expressed  as  micromoles  of  acetyl  phosphate  formed  per 
hour  per  mg  of  protein. 
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^  (2)  i)ihytirollpoic  transacctylnse  activity  based  on  Reaction  3  was  de¬ 
termined  with  a  reaction  mixture  contalninj?,  100  pmoles  of  Trie  buffer  (pH 
7.0),  10  utnoles  of  acetyl  phosphate,  0.1  nmole  of  CoA,  10  ymolcs  of  dihydro- 
lipoamide,  2  units  of  phosphotransacetylase  and  2  mp,  of  bovine  serum  albumin. 

In  a  final  volume  of  0.9  ml  (23).  The  mixture  was  Incubated  for  30  minutes 
at  37**,  0.1  ml  of  1  N  HCl  was  added,  and  the  mixture  was  cooled,  and  then  was 

CoA 

CH3COOPO3  Lip(SH)2amide  CHa-CO-S-Lip-SH  amide  +  HPO4-  (3) 

assayed  for  heat-stable  thioester  (2A),  Specific  activity  is  expressed  as 
micromoles  of  heat-stable  thioester  formed  per  hour  per  mg  of  protein. 

(3)  Lipoamid''.  dehydrogenase  activity  based  on  Reaction  4  was  deter¬ 
mined  at  room  temperature  with  spectrophotometer  as  described  by  Massey  (25) 
with  the  following  modification.  The  reaction  mixture  contained  100  pmoles 
of  potassium  phosphate  buffer  (pH  6.5)^  0.2  ymole  of  MAO,  0.8  pmole  of  lipo- 
amidc  and  2.5  umoles  of  EDTA,  in  a  final  volume  of  2  ml.  Specific  activity 
is  expressed  as  micromoles  of  MADH  decomposed  per  hour  per  mg  of  protein. 

Lip  $2  amide  +  NADH  +  ^  Lip(SU)2amide  +  NAD*  (4) 

(4)  The  pyruvate  and  a-ketoglutarate  decarboxylase  assay,  based  on 
Reaction  5,  is  a  modification  of  that  described  by  Hager  (26).  The  reaction 
mixture  contained  150  pmolea  of  potassium  phosphate  buffer  (pH  6.5),  25 
lunoles  of  potassium  ferrlcyanlde,  0.2  ymole  of  thlamlne-PP,  1.0  ymole  of  cal¬ 
cium  chloride,  50  ymoles  of  potassium  pyruvate  and  7.  mg  of  bovine  serum  al¬ 
bumin,  in  a  final  volume  of  1.4  ml.  The  mixture  was  incubated  at  37*  for  30 
minutes,  and  then  1  ml  of  lOZ  trichloroacetic  acid  solution  was  added.  Fer- 
rocyanlde  was  determined  in  the  deproteinized  mixture  as  Prussian  Blue  (26) . 
Specific  activity  is  expressed  as  one-half  of  the  total  micromoles  of  fer- 
rocyanlde  formed  per  hour  per  mg  protein. 

R*C0*C02H  +  2  Fe(CK)g-  +  H2O  --"i  CH3COOH  +  CO2+  2  Fe(CN)^'  +  2H*  (5) 

Ca2 

(5)  a-Ketoglutarate  dehydrogenase  assay  for  the  overall  oxidation  of 
a-ketoglutarate,  based  on  Reaction  6,  is  a  modification  of  that  described  by 
Massey  (25).  The  reaction  mixture  contained  130  ymoles  of  potassium  phos¬ 
phate  buffer  (pH  7.2),  0.08  ymole  of  CoA,  0.3  ymole  of  NAD,  5  ymoles  of  L- 
Cysteine  (free  base),  0.5  ymole  of  calciiun  chloride  and  5  ymoles  of  potassium 
a-ketoglutarate.  The  reaction  was  begun  by  the  addition  of  enzyme  at  25*. 
Specific  activity  is  expressed  as  ymole  of  NAOK  formed  per  hour  per  mg  protein. 

a-Ketoglutarate  +  CoA-SH  +  KAD+  — ►  Succinyl  CoA  +  CO2  +  NADH  +  H*  (6) 

(6)  Lipolc  transsucclnylase  assay,  based  on  Reaction  7,  is  a  modifica¬ 
tion  of  that  described  by  Rnlght  and  Gunsalus  (27).  The  reaction  mixture  con- 

Suicinate  +  ATP  +  Llp(SH)2amide  ►  Succinyl-S-LipSH  +  ADP  +  Pi  (7) 

tained  100  ymolcs  of  Tris  buffer,  pH  7.2,  10  ymoles  of  MgCl2,  10  umoles  of 
ATP  (potassium  salt),  5  units  of  succinic  thiokinase  (28),  180  ymoles  of  po¬ 
tassium  succinate,  10  ymoles  of  llp(SH)2amide  In  0.5  ml  of  95Z  ethanol,  13 
ymoles  of  L-Cystein  (free  base),  U.l  ymole  of  CoA  and  2  mg  of  bovine  serum 
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iilbunilnti ,  The  mixture  was  incubated  for  30  minutes  at  30*  and  assayed  for 
thioester  (24),  Specific  activity  is  expressed  as  micromoles  of  thioester 
formed  per  hour  per  mg  of  protein. 

3 .  Result 

‘‘ •  Tsolation  and  properties  of  pyruvate  and  g-ketoglutarate  dehydrogenase 

compIex(.!ii  from  pi,'>.  heart  muscle 

(1)  Preparation  of  pig  heart  particles  and  E,  coli  complexes  (as  In- 
tortul  standard) — Pi g  hearts  were  collected  and  chilled  as  soon  as  possible 
after  slaughter,  minced,  and  stored  at  -20*.  Pig  heart  particles  were  pre¬ 
pared  according  to  the  procedure  of  Sanadl  et  (29) ,  and  frozen  and  thawed 
three  times.  The  protein  coagulated  by  this  treatment  was  removed  by  centri¬ 
fugation  for  30  minutes  at  16,000  x  g,  an  amber-colored  extract  was  obtained. 
The  E.  call  complexes  were  isolated  essentially  as  described  previously  (1) 
from  sonic  extracts  of  E.  cpj._i_  (Crookes  strain)  cells. 

(2)  Preparation  of  pyruvate  and  a-ketoglutarate  dehydrogenase  com- 
ple:<es — An  ambeF-collired  extract  (5. 65  mg  of  protein  per  ml)  is  adjusted  bo 
pii  6  with  1  N  acetic  acid,  and  the  pyruvate  and  a-ketoglutarate  dehydrogenase 
complexes,  respectively,  are  precipitated  by  addition  of  0.0  to  0.015  volume 
and  0.013  to  0.03  volume  of  2%  protamine  sulfate  solution  (pH  5.0).  Each 
precipitate  is  eluted  with  0.1  M  potassium  phosphate,  pH  7.0  and  the  eluates 
are  dialyzed  overnight  against  0.05  M  potassium  phosphate,  pH  7.0,  and  then 
centrifuged.  The  elutes,  designated  protamine  precipitate  eluate,  are  cent¬ 
rifuged  for  2  hours  at  198,000  x  g  in  the  No.  50  rotor  of  a  Beckman  model  2-L 
ultracentrifugc.  The  yellow  pellet  obtained  was  dissolved  In  O.OS  M  potas¬ 
sium  phosphate,  pH  7.0,  and  purified  by  chromatography  on  a  calcium  phosphate 
gel-cellulose  column.  Yellow  fractions  are  eluted  with  4Z  aaswnium  sulfhte 
in  0.1  M  potassium  phosphate,  pH  7.5*  The  pyruvate  dehydrogenase  complex  is 
precipitated  with  solid  ammonium  sulfate  between  0.29  and  0.36  saturation  and 
the  a-kctoglutarate  dehydrogenase  complex  precipitated  between  0.24  and  0.29. 

A  summary  of  the  data  obtained  from  a  typical  purification  and  recovery  of 
enzyme  activity  is  given  in  Table  1  and  2. 

(3)  Enz>,Tnatic  activities  of  complex — The  pyruvate  dlsmutatlon,  di- 
hydrolipoic  transacetylase,  pyruvate  decarboxylase  and  llpoamide  dehydrogenase 
were  determined  throughout  the  purification  (Table  1).  All  the  four  activ¬ 
ities  were  associated  with  the  highly  purified  pyruvate  dehydrogenase  ccmiplex. 
The  ratio  of  dihydrollpoic  transacetylase  activity  to  pyruvate  dlsmutatlon 
activity  was  constant  over  the  280-£old  range  of  purification  achieved.  This 
relativ  :ly  constant  ratio  of  both  activities  that  dihydrolipoic  transacetylase 
is  an  integral  part  of  the  pyruvate  dehydrogenase  complex. 

a-Ketoglutarate  dehydrogenase,  a-ketoglutarate  decarboxylase  and  lipo- 
amide  dehydrogenase  were  determined  throughout  the  purification  (Table  2). 

Ail  three  activities  were  associated  with  the  highly  purified  a-ketoglutarate 
dehydrogenase  complex  over  the  68-fold  range  of  purification  achieved. 

( ^ )  Physicochemical  properties 

(®)  Electrophoretic  analysis — The  highly  purified  preparations 
of  Che  pyruvate  and  a-ketoglutarate  dehydrogenase  complexes,  corresponding  to 
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the  ammonium  sulfate  precipitate,  were  dialyzed  for  16  hours  against  1 
liter  of  0.05  M  potassium  phosphate  buffer  (pH  7.0).  The  electrophoresis  run 
was  made  In  a  Tissellus  apparatus  at  ii*.  The  protein  concentration  was  1.33 
g  and  1.32  g  per  100  ml,  respectively.  The  schlieren  patterns  obtained  with 
the  complexes  (Fig.  1  and  2)  show  single  ascending  and  descending  boundaries. 
The  pyruvate  and  a-ketoglutarate  dehydrogenase  complexes  show  the  mobilities 
of  -4.82  X  10"®  and  -9.95  x  10"®ciu‘^volt"^sec"^ ,  respectively. 

(b)  Ultracentrlfugal  analysis  and  molecular  weight — 1.  Sedi¬ 
mentation  veloslty — Sedimentation  coefficients  were  calculated  and  corrected 
as  described  by  Schachman  (30) ,  The  patterns  obtained  with  the  highly  puri¬ 
fied  complexes  are  shown  in  Fig.  3  and  4.  These  patterns  are  typical  of 
several  different  highly  purified  preparations  examined.  The  values  extra¬ 
polated  to  infinite  dilution  (S*20,w>  are  67.5  S  and  35.7  S,  respectively. 

2,  Molecular  weight  determined  by  the  method  of  approach 
to  sedimentation  equilibrium — These  runs  were  performed  at  2,333  rpm  in  an 
An-J  analytical  rotor,  using  about  0.5  ml  of  the  sample  In  a  synthetic  bound¬ 
ary  cell  as  recommended  by  Ehrenberg  (31) ,  The  Initial  protein  concentration 
in  the  cell  was  determined  from  a  synthetic  boundary  cell  at  8,225  rpm  under 
identical  optical  conditions.  The  molecular  weight  was  calculated  at  the 
meniscus  with  the  equation  proposed  by  Klainer  and  Kegeles  (32).  From  those 
data  the  average  molecular  weights  are  calculated  to  be  9.0  million  for  py* 
ruvate  dehydrogenase  complex  and  2.7  million  for  a-ketoglutarate  dehydro¬ 
genase  complex.  As  an  Internal  standard,  the  molecular  weight  of  the  E.  coll 
pyruvate  dehydrogenase  complex  was  determined  under  Che  same  condition  men** 
cloned  above.  The  molecular  weight  was  calculated  to  be  4.9  million.  This 
value  is  In  good  agreement  with  the  molecular  weight  of  4.8  million,  which 
was  calculated  from  S*20,v  ^20,w  (^)* 

Diffusion  studies  and  molecular  weight — Diffusion 
studies  were  carried  out  at  4.65*  in  the  Spinco  model  H  electrophoresls-’ 
dlffuslon  apparatus.  Photographs  of  the  schlieren  pattern  of  the  diffusing 
boundary  were  taken  at  intervals  over  a  period  of  21  hours.  Diffusion  coef¬ 
ficient  was  calculated  and  corrected  as  described  by  Svenason  (33) .  The 
highly  purified  preparations  of  the  pyruvate  and  a-ketoglutarate  dehydrogenase 
complexes  was  dialyzed  against  0.05  M  potassium  phosphate  buffer  (pH  7.0) 
overnight  at  0*.  The  dialyzed  preparations  were  diluted  to  the  protein  con¬ 
centration  of  0.58  and  0.25  g  per  100  ml  with  the  dialyzate,  respectively. 

The  corrected  diffusion  coefficient  (D2o,w)  these  preparations  were  0.62 
X  10"’  and  1.18  x  lO'^cm^sec"^ ,  respectively.  With  use  of  these  values  for 
the  molecular  weights  of  both  complexes  were  calculated  to  be  9,7  million  and 
2.8  million,  respectively.  Hydrodynamic  parameter  of  both  complexes  were 
summarized  in  Table  3. 

(5)  Contents  of  bound-coenzyroes — The  contents  of  bound-coenzyraes  are 
summarized  in  Table  4. 

Protein-bound  lipoic  acid— It  is  apparent  from  the  data  in 
Table  1  and  2  that  protein-bound  lipoic  acid  concentrates  with  the  complexes 
during  the  purification.  The  average  amounts  of  protein-bound  jipolc  acid 
found  in  several  preparations  of  purified  pyruvate  and  a-ketoglutarate  de¬ 
hydrogenase  complexes  were  7.4  x  10"^  and  3.7  x  10*®  moles  of  bound  lipoic 

5 


An  a-ketoglutarate  dehydrogenase  complex  has  been  isolated  by  several 
investigators  from  pig  heart.  Recently  convenient  procedures  have  been  de-  , 
vised  in  this  laboratory  for  simultaneous  isolation  of  the  pig  heart  pyruvate 
and  a-ketoglutarate  dehydrogenase  complexes  in  a  highly  purified  state.  This 
complex  in  the  present  study  resembles  not  only  complex  isolated  by  the  methods 
of  Sanadi  e^  al.  (29)  or  Massey  (25)  but  also  the  E.  coli  o-ketoglutarate  de¬ 
hydrogenase  complex  in  composition  and  enzymatic  activities.  The  ratio  among 
bound  lipoic  acid,  FAD  and  thiamine-pyrophosphate  in  the  pig  heart  a-keto- 
glutarate  complex  is  approximately  1: 1:0.6,  whereas  the  ratio  is  approximately 
1:1:0. 8  in  the  E.  coli  complex. 

The  molecular  weights  of  the  complexes  determined  by  Archibald  method  are 
in  good  agreement  with  those  calculated  from  sedimentation  and  diffusion  con-* 
stants.  As  an  interval  control,  the  molecular  weight  of  the  H.  coli  pyruvate 
dehydrogenase  complex  determined  by  Archibald  method  under  the  same  condition 
Is  in  good  agreement  with  value,  which  was  calculated  from  sedimentation  and 
diffusion  constants  as  shown  in  Table  3.  This  is  the  first  example  of  the 
molecular  weight  determination  of  the  charged  giant  molecules  (order  of  2.5-9 
million)  by  Archibald  method.  It  is  yet  unknown  whether  this  procedure  is 
suitable  for  such  giant  molecule  or  not.  Besides  these  studies  the  determina¬ 
tion  of  size,  shape  and  molecular  weight  by  light  scattering  procedure  are  un¬ 
der  way,  so  that  it  will  be  appeared  in  some  journals  in  near  future  (39,  40, 
41). 


b.  Metal  ion  activators  of  g-keto  acid  dehydrogenase  complex 

F.nzyme  systems  which  catalyze  the  oxidative  decarboxylation  of  pyruvate 
and  a-ketoglutarace  have  been  reported  to  include  as  one  of  the  compo¬ 
nents  of  enzyme  complexes,  and  some  of  them  are  activated  by  additional  Mg^*' 
(39,  40,  41).  Pigeon  breast  pyruvate  dehydrogenase  complex  was  activated  by 
Mn^*’  in  place  of  Mg'^*,  but  strongly  inhibited  by  Cu^"*^  and  Zn^*,  and  attempts 
to  prepare  Mg^'*'-frec  enzyme  by  dialysis  against  various  chelating  agents 
(pyrophosphate,  8-hydroquinollne)  failed.  On  the  oxidative  decarboxylation 
of  pyruvate  with  crude  pig  heart  enzyme,  it  was  reported  chat  Che  addition  of 
Mg^  ,  Mn^*  or  thiamlne-PP  was  not  necessary  (37) .  In  previous  paper  (6) ,  the 
highly  purified  pyruvate  dehydrogenase  complex  was  free  from  thiamine-PP,  but 
on  Che  contrary  a-ketoglutarate  dehydrogenase  complex  showed  only  a  little 
response  to  added  chiamine-FF.  The  effects  of  several  divalent  cations,  es¬ 
pecially  activating  effect  of  and  the  inhibitory  effect  of  EDTA  and 

other  ligands  on  the  oxidative  decarboxylation  of  o-keto  acid  with  both  com¬ 
plexes  have  been  studied.  The  contents  of  some  protein-bound  metals  of  the 
complexes  were  determined  by  the  .-itomic  absorption  spectrophotometry. 

(1)  Effects  of  divalent  metal  ions  on  Che  oxidative  decarboxylation 
activities — As  the  results  reported  already  by  some  authors,  low  concentra¬ 
tion  of  was  able  to  replace  in  pig  heart  pyruvate  carboxylase  assay, 

however,  in  both  pig  heart  a-ketoglutarate  and  E.  coli  pyruvate  carboxylase 
assays  exhibited  Inhibitory  effect.  Cu^*,  and  were  strongly 
inhibitory  in  both  pig  heart  carboxylase  assays.  Fe^'*'  and  Pb^'*’  had  no  effect. 
These  results  were  sumnarized  in  Table  5.  In  both  pig  heart  carboxylase  as¬ 
says  was  strongly  stimulatory  to  the  same  extent  as  Considering 

that  calcium  is  situated  in  the  same  group  IIA  of  the  periodic  chart  of  the 
elements  with  magnesium,  the  activating  effect  of  Ca^'*’  on  the  oxidative  de- 
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carboxylflCion  of  n-keto  acids  .is  an  interestinR  evidence.,  E.  coll  pyruvate  | 
dehydrogenase  complex  waS'  activatec  by  as  well  as  pig  heart  pyruvate  de- 
dtydrogenase  complex  and  o-ketoglutarate  dehydrogenase  complex,  but  Ca^'*'  bad 
no  effect  on  it  and  exhibiced  complete  inhibition  of  its  activity  at  the 

concentration  of  7  x  10“**  M. 

Iiighly  purified  enzymes  even  in  the  absence  of  any  metal  activator  .shoved 
.'>5-601  (pyruvate  dehydrogenase  complex)  and  70-75%  (o-kctogluiarate  dehydro¬ 
genase  complex)  of  their  activities  which  were  obtained  in  each  carboxylase 
assay  containing  0.3  praole  of  Ca^'*'.  The  trial  to  prepare  metal-free  enzyme 
protein  by  dialyzing  against  O.OI  A  EdTA  in  0.05  M  phosphate  buffer,  pli  7.0, 
at  0"  for  48  hours  had  been  made,  but  it  failed. 

(2)  Effects  of  several  chelating  agents  on  the  oxidative  decarbosyla- 
tion  activities — On  the  other  hand,  the  Inhibitory  effects  of  some  chelating 
agents  are  given  in  Table  6.  Pig  heart  pyruvate  dehydrogenase  complex  was 
.strongly  inhibited  by  EllTA,  however,  e-kecoglutaratc  dehydrogenase  complex 
activity  was  little  inhibited  by  LOTA  as  contrast  with  pyruvate  dehydrogenase 
complex,  and  it  was  rather  obvlou.sly  Inhibited  by  8-hydroxyqu incline  and  0- 
phen.inthrolinc.  Other  chelating  agents  including  glycine,  histidine,  pyro¬ 
phosphate,  KCN  and  KF  were  almost  ineffective  on  their  activities  at  the  con¬ 
centration  of  7  x  10"**  M. 

In  Table  7  It  was  dcnon.s traced  that  the  inhibitory  effect  of  EDTA  was 
reversed  by  the  addition  of  either  or  Ca^*. 

(3)  y.ctal  contents  in  u-keto  acid  dehydrogenase  complexes — These  re¬ 
sults  mentioned  above  suggested  that  metal  ions  were  concerned  positively  to 
the  oxidative  decarboxylation  reaction  of  o-keto  acid  and  they  seemed  to  com¬ 
bine  strongly  to  enzyme  protein.  Then  It  was  tried  to  determine  the  contents 
of  protein-bound  metal  ions  directly  by  the  atomic  absorption  spectrophoto¬ 
metry.  The  enzyme  samples  were  priviously  dialysed  against  0.01  M  EOTA  In 
piiosphace  buffer  to  dialyze  out  free  metal  ions  existing  in  the  enzyme  solu¬ 
tion.  As  shown  in  Table  8  magnesiutr.  and  calcium  contents  in  both  complexes 
were  concentrated  during  the  purification  though  these  absolute  quantities 
were  low.  These  results  supported  the  evidence  of  the  active  participation 
of  Ca^'*'  and  Mg^*^  in  oxidative  decarboxylation  reaction  of  a-keto  acid.  In  £. 
coli  pyruvate  dehydrogenase  complex  calclom  was  not  detected  and  this  result 
fits  in  no  activating  effect  on  its  activity  with  Ca^^  alone.  In  addition, 
even  the  .simultaneous  presence  of  and  on  the  pyruvate  decarboxylase 
assay  had  no  multiplication  effects  as  shotm  in  Table  5.  suggesting  that  both 
pig  heart  complexes  were  activated  by  either  Mg^*  or  Ca**  according  to  the 
same  mechanism. 

(4)  Conclusion— Both  pig  heart  complexes  were  activated  by  Ca^*  as 
the  same  extent  as  Mg^'^  which  had  been  considered  as  one  of  the  typical  metal 
activators  of  oxidative  decarboxylation  reaction  of  m-keto  acid.  E.  coll  py¬ 
ruvate  dehydrogenaac  complex  was,  however,  activated  only  by  Mg**  and  not  by 
Ca**.  These  activating  effects  were  in  good  agreement  with  the  results  of 
the  metal  contents  obtained  by  the  atomic  abaerption  analyaia.  Pig  heart  and 
E.  coli  pyruvate  dehydrogenase  complex  were  strongly  inhibited  by  EDTA  at  low 
concentration,  but  on  the  contrary  pig  heart  a-ketoglutarate  dehydrogenase 
complex  was  little  inhibited  by  EOTA  and  rather  obviously  inhibited  by  8- 
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hvclrojtyqulnolinti,  Furtli«r  itivora.  of  the  mechanism  of  the  oxidative 

uocwboxylatlon  of  a^keto  aciUu,  iot  Instance-,  Interactions  among  thlamlne-F? , 
'.lOtiil  activators  and  enzyme  protein  iu  now  under  way. 

^ •  Kesolution  of  mammalian  (.--kcto  acid  dehydrogenase  complex 

(1)  J'yruvate  dehydroficnatio.  complexes—So  far  at  present  little  is 
knovn  concerninp  to  the  rcsolu'.los',  of  pyruvate  dehydrogenase  complex  in  tne 
presence  of  4  M  urea  or  0.02  M  ethanciaminc  (pH  9-9.5).  In  the  presence  of  4 
M  urea  pyruvate  dehydrogenase  complex  is  quite  stable.  For  example,  pyruvate, 
dehydrogenase  complex  was  incubated  at  0*  with  1-5  M  urea  for  2  hours,  but  the 
complex  retained  full  activity  during  this  period.  Examination  of  a  solution 
of  the  complex  in  A  M  urea  in  a  Iitokman  model  E  analytical  ultracentrifuge,  re¬ 
vealed  the  presence  of  two  components;  (I)  faster  moving  boundary  assuming 
carboxylase-llpoic  reductase-transacetylase  complex,  (2)  slower  moving  bounu- 
ary  assuming  a  flavoprotein  associative  with  yellow  color.  These  results  in¬ 
dicated  a  dissociation  of  pyruvatt  dehydrogenase  complex  into  at  least  two 
components.  After  a  number  of  trials,  a  satisfactory  procedure  will  be  de¬ 
veloped,  involving  fractionation  on  i:  ccilclum  phosphate  gel-cellulose  column 
(15)  in  the  presence  of  urea  like  reso.Lution  of  E,  coll  pyruvate  dehydrogenasi 
complex  (A). 

When  pyruvate  dehydrogenase  coi;  pi.ex  was  allowed  to  stand  at  0*  in  con¬ 
tact  with  an  ethanolamine-phospuctc-  buffer,  pH  9.5,  which  was  0.02  M  with  re¬ 
spect  to  ethanolamlne  and  approxici—ely  0.01-0.03  M  with  respect  to  pota.ssium 
phosphate,  only  15-25Z  of  the  NAD^-licked  pyruvate  dehydrogenase  activity  was 
destroyed  In  one  hour.  Curing  2  hours  incubation  with  this  buffer,  pyruvate 
dehydrogenase  complex  lost  only  30%  of  its  activity.  In  the  presence  of  excess 
>f  thiamlne-PP  or  pyruvate,  pyruvate  dehydrogenase  complex  did  not  lose  any 
activities  during  2  hours  IncubatHon  with  this  buffer.  '  Examination  of  a  fresh¬ 
ly  prepared  mixture  in  the  analytical  ultracentrifuge  showed  two  components; 

(1)  faster  moving  yellow  component  assuming  llpoic  reductase-transacetylase- 
flavoprotein  complex,  and  (2)  slower  moving  colorless  component  assuming  py-^. 
ruvic  decarboxylase  (5.7  S).  This  pattern  in  analytical  centrifuge  indicated 
a  possibility  of  the  dissociation  of  pyruvate  dehydrogenase  complex  into  at 
least  two  components.  As  a  preliminary  experiment,  separation  of  the  two 
components  was  achieved  by  fractionation  on  calcium  phosphate  gel-cellulose  in 
Che  presence  of  the  ethanolamine-phosphate  buffer.  The  column  (3x2  cm)  of 
calcium  phosphate  gel-cellulosc  vav  v/ashed  with  the  ethanolanine-phosphate 
buffer  until  the  pH  of  the  effluent  was  approximately  9. 0-9. 3.  A  solution  of 
26.8  mg  of  pyruvate  dehydrogenase  ccmplex  and  1.4  pm  of  thiamlne-PP  in  A  ml 
of  ethanolamine-phosphate  buffer  (I'inal  0.02  M  ethanolamlne  and  0.025  H  potas¬ 
sium  phosphate)  was  applied  to  the  column.  The  column  was  then  washed  with 
approximately  38  ml  of  the  sam^buffer.  A  colorless  protein  fraction  was 
eluted,  leaving  a  broad  yeiIOTJVlu.>resccnt  band  on  the  column.  The  latter 
band  was  eluted  with  a  solution  of  4%  ammonium  sulfate  in  0.1  M  potassium 
phosphate,  pH  7.5.  A  colorles*;  f  tact  Ion  was  precipitated  immediately,  after 
coming  off  from  the  column,  wit.:  aiar>*.oniuro  sulfate  between  0  and  50Z  saturation 
and  dialyzed  against  0.05  M  phosphatfc  buffer  containing  thiamine-PP  (40  «g 
per  250  ml  of  this  buffer) .  Tciiovr  fraction  was  also  precipitated  with  am- 
nonium  sulfate  between  0  and  502  saturation  and  dialyzed  against  0.05  M  potas- 
!^iu>i5  phosphate  buffer,  pH  7.  Thw  recovery  of  the  protein  in  the  two  fractions 
was  14  mg  and  4  mg,  respectively,  .‘li'.st  colorless  fraction  exhibited  very 
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weali  pyruvate  decarboxylase  activity.  Tte  activity  seems  to  be  destroyed 
during  this  process.  The  latter  fracilon  exhibited  dlhydroilpolc  cronsocetyl- 
ase  activity  and  also  dlhydrolipoic  dehydrogenase  activities.  Especially  the 
specific  activity  of  yellow  Ctaction  wuk  approximately  three  times  that  of 
the  original  complex  in  dihydrolipolc  transucetylase  assay.  This  yellow  frac¬ 
tion  was  essentially  homogeneous  upon  ultracentrifugatlon  in  a  Beckman  model 
E  analytical  centrifuge  with  the  sedimentation  coefficients  (S*2o  «)  of  3?  S. 

Its  molecular  weight  was  determined  by  Archibald  method  and  it  is ’calculated 
to  be  A  million  from  these  data.  This  yellow  fraction  was  also  separated  into 
two  enzymes,  exhibiting  a  dihydrolipolc  tranaacetylasc  and  lipoamide  dehydro¬ 
genase  activities,  respectively,  under  the  same  condition  described  by  Koike 
The  latter  enzyme,  lipoamide  dehydrogenase  showed  homogeneous 
pattern  in  the  analytical  ultracentrifugation  with  S*20  w  *  5.7  S.  The  mole¬ 
cular  weight  of  this  enzyme  was  determined  by  Archibald ’method  and  its  value 
is  calculated  to  be  123,000.  This  enzyme  also  contains  two  moles  of  FAD  per 
mole  of  enzyme.  Convenient  separation  procedure  of  the  dihydrolipolc  trans- 
acetylase  is  in  progress.  At  pre? ent  the  main  problem  Is  how  to  retain  the 
carboxylase  activity  during  the  course  of  ethanolamine  fractionation  of  com¬ 
plex.  The  other  hand  the  complex,  which  is  free  from  flavoprotcin  and  ex- 
hibites  pyruvate  decarboxylase  and  dihydrolipolc  transacetylase  activities, 
was  subjected  to  the  slnllor  type  of  resolution.  There  is,  however,  no  good 
resolution  of  this  complex  Into  two  components. 

Recently  pig  heart  pyruvate  dehydrogenase  complex,  0.8  ml  (13.44  mg)  was 
mixed  with  0.8  ml  of  1  M  potassium  iodide  in  O.OS  M  potassium  phosphate  buffer, 
pH  7.0  and  this  mixture  was  examined  in  analytical  centrifuge.  The  following 
two  components  were  observed  in  this  run:  (a)  faster  moving  yellow  component 
assuming  lipoic  reductase- transacetylase-flavoproteln  complex,  and  (b)  slower 
moving  colorless  component  assuming  pyruvate  decarboxylase.  One-half  part  of 
this  mixture  and  the  other  part  of  mixture  recovered  from  analytical  run  were 
dialyzed  against  three  changes  of  0.03  M  potassium  phosphate  buffer,  pH  7.0 
for  overnight.  Dialyzed  mixture  was  subjected  to  analytical  centrifugation. 
From  these  runs  it  was  observed  that  two  separated  components  in  the  presence 
of  0.05  H  potassium  iodide  at  pH  7.0  were  reconstituted  to  produce  a  large 
unit  giving  the  same  sedimentation  velosity  as  before  mentioned  treatment. 

Both  dialyzed  pyruvate  dehydrogenase  complexes  after  treatment  showed  over  60% 
activity  of  original  for  pyruvate  decarboxylase  assay.  This  reagent  might  be 
hopeful  one  to  reserve  pyruvate  decarboxylase  activity  when  the  complex  is 
dissolved. 

(2)  o-Ketoglutarate  dehydrogenase  complex — There  is  so  far,  no 
available  information  and  successful  procedure  for  the  resolution  of  a-keto- 
glutarate  dehydrogenase  complex.  By  Massey  (25),  u-ketoglutarate  dehydro¬ 
genase  complex  was  separated  into  a  flavoprotcin  and  colorless  fractions 
with  high  molecular  weight  in  the  presence  of  2.5  M  urea  on  calcium  phosphate 
gel-cellulose.  However  he  could  not  retain  o-ketoglutarate  decarboxylase 
t?ctivity  and  could  not  reconstitute  both  components,  either.  With  E,  coll 
a-kecoglutarace  dehydrogenase  complex  I  have  been  atempclng  to  dissolve  it 
into  the  similar  fractions  like  mammalian  Q-ketoglutarate  dehydrogenase  com¬ 
plex,  but  decarboxylase  activity  was  destroyed  during  the  course  of  this 
fractionation.  Detergents,  the  changes  of  both  toning  strength  and  pH  etc., 
did  not  give  any  promising  results  for  the  separation  of  the  complex.  Resolu¬ 
tion  of  £.  coll  o-ketoglutarate  dehydrogenase  complex  was  accomplished  on  a 
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column  of  calcium  phosphate  gel-suspended  in  cellulose  by  Mukher jee  ^ 

(A2) ,  Similar  procedure  is  adopted  with  a  little  modification  for  the  resolu- 
"  tion  of  mammalian  a^ketoglucarate  dehydrogenase  complex^  however,  there  is  no 
light  on  its  resolution  experiment  so  far. 

d .  Electron  microscopic  and  biochemical  studies  of  the  pyruvate  and  c«- 
ketoglutarate  dehydrogenase  complexes,  and  its  subunit 

To  confirm  the  structural  organization  of  the  complexes  and  its  subunits 
electron  microscope  studies  were  introduced.  JC.  coll  pyruvate  dehydrogenase 
complex  has  provided  a  unique  opportunity  to  correlate  functional  properties 
as  revealed  by  biochemical  analysis  with  ultrastructure  as  revealed  by  elect¬ 
ron  microscopy.  The  picture  of  the  structural  organization  of  the  pyruvate 
dehydrogenase  complex  which  emerged  from  the  biochemical  studies  of  Koike  and 
Reed  is  that  of  an  organized  mosaic  of  enzymes  in  which  the  component  enzyme 
is  uniquely  located  to  permit  efficient  implementation  of  a  consecutive  re¬ 
action  sequence.  This  picture  has  been  confirmed  and  extended  by  correlative 
electron  microscope  studies  carried  out  In  collaboration  with  Ferndndez-Mordn 
(5). 


In  this  laboratory  original  negative  staining  procedure  of  enzyme  mol¬ 
ecule  Is  In  progress  to  prove  our  multienzyme  concept  from  macromolecular 
structural  stand  point  of  view.  Moreover,  through  systematic  application  of 
Improved  preparation  techniques,  Important  structural  details  of  individual 
multienzyme  complexes  could  be  directly  observed,  hereby  disclosing  novel 
feature  of  the  molecular  architecture. 

(1)  The  principal  preparation  procedure  of  specimen  can  be  classfied 
as  followed:  1^.  Negative  staining  techniques  with  horse  cytochrome  C  and 
yeast  cytochrome  C-mercury  complex,  and  conventional  negative  staining  pro¬ 
cedure  with  buffered  phosphotungstate  (pH  7.5),  2,  Positive  staining  technique 
with  1-3Z  aqueous  uranyl  acetate,  _3.  Shadowing  with  Pt-C  or  Pt-Pd. 

(a)  Negative  staining  methods:  Ultrathin  carbon  film  specimen 
grid  is  used  for  this  procedure.  Specimens  are  prepared  by  two  methods;  3^. 
microdroplet  spraying  techniques— 12  cytochrome  C  solution  previously  ultra- 
centrifuged  for  one  hour  In  Splnco  Mode  L-2  or  12  buffered  potassium  phospho¬ 
tungstate  (pH  7.5)  and  varying  concentrations  of  complexes  solution  or  subunits 
solution  are  mixed  In  the  spraying  tube  at  0*  just  before  spraying.  The  tip 

of  the  capillaries  of  sprayer  bended  right  angle  is  mounted  on  the  holder  in 
the  horizontal  position  about  one  foot  above  the  specimen  grid  level.  The 
mixture  is  sprayed  on  the  grid  placed  at  2-3  feet  distance  from  the  sprayer. 
After  spraying  the  grid  is  dried  under  freezing  in  vacuo,  2.  drop  techique — 
at  first  the  mixture  of  the  complex  and  1%  buffered  potassium  phosphotungstate 
are  placed  on  the  carbon  film  grid  with  a  capillary  pipet.  After  removing 
excess  of  the  mixture  with  filter  paper  the  grid  is  allowed  to  be  dried. 

(b)  Positive  staining  method:  On  the  carbon  film  grid  adequate 
concentration  of  complex  is  placed  by  spraying  or  dropping  and  is  partially 
dried.  1-32  of  aqueous  uranyl  acetate  solution  is  dropped  on  it  with  a  ca¬ 
pillary  pipet.  After  removing  excess  of  staining  reagent,  the  grid  is  allowed 
to  be  dried. 
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(c)  Shadowing  nU'.LinK'.  •  wt.rtcing  the  conplex  on  ultrathin 

rorwvar  film  prld,  the  ^rld  i  '  :haii= l*c-C  or  Pt-Pd  at  varied  angled" 
by  conventional  procedure.  Two  at  p'<lystyrene  molecule  are  used  for  a 

control  for  this  method. 

(2)  RosultS'—Elecirot.  ai  complexes  obtained  with  shadow¬ 

ing  with  Pt-Pd  Indicate  that  both  Cixapias  aave  a  prolate  ellipsoid  struc¬ 
ture  with  an  average  diameter  600  lo  ai.'j  A  for  pyruvate  dehydrogenase  coBq>lex 
and  350  to  400  A  for  a-ketoglutaruic  ^tel.ycrogenase  complex  rather  than  poly¬ 
hedral  structure  like  E.  coll  pyruv;it<..  <i<='hydrogcnase  complex  (Fig.  7  and  8). 
Electron  micrographs  of  pyruvate  dwlryci  nnse  complex  negatively  stained  with 
potassium  phosphotungstate  ano  positively  stained  with  uranyl  acetate  indicate 
a  flower  like  shape  with  10  to  /.<»  pecai  -..'  ,  suspecting  the  possibility  of  re¬ 
solution  into  subunits  (Fig.  ^  art  10)  )...ectron  micrographs  of  o-ketoglutar- 
ate  dehydrogenase  complex  staiuud  wicti  ...  cussium  phosphotungstate  and  uranyl- 
acetate  indicate  tetrad  strucevr.  (ii.  .  «>.  ?nd  I?.).  There  is  no  explanation 
of  theae  electron  micrographs  of  c  -k::tastlucarcte  dehydrogenase  complax.  The 
molecular  weights  of  the  compj->AC:  .*ai cui.'it'.x-  with  these  diameter  according 
to  Schetaga's  equation  (S«.M  (I  -  /)/  ;  v^volume,  f^transltional  coefficient^ 

S«8edimentation  coefficient)  are  v.?ry  ii/rcoabie  with  those  calculated  with 
hydroparametric  data. 

There  is  no  convincing  eviae..>.  o  '.t  ...uy4.ori  the  polyhedral  structure  of 
£.  coli  pyruvate  dehydrogenase;  coiii,:).%.x  .ihewu  in  our  earlier  work.  I  suspect 
that  the  polyhedral  structure  of  enc;  which  were  observed  at  low  tem¬ 

perature  with  specimen  negatively  p.ti'ined  with  buffered  phosphotungstate  solu¬ 
tion  by  Femdndez-Mordn's  cross-sproylng  procedure,  seems  to  be  artifact  of 
strong  deprotelnlzlng  reagent  againar  '.ighly  purified  giant  protein  molecule. 
Femtfndez-Mordn  stated  that  phosphocuugstate  did  not  chemically  modify  the 
structure  of  mitochondria  in  hia  report.  Chemical  composition  of  mitochondria 
is  quite  different  from  pure  enzyaie  protein  and  we  Iokv  that  the  over-all 
activity  of  complex  Irreversibly  ioat  their  activity  immediately,  after  mixing 
with  phosphotungstate  or  uranyl  acetate.  1%  buffered  potaasium  pboaphotung-  - 
state,  which  is  one  of  the  good  deproteinised  reagents,  gives  apperently  un¬ 
identified  changes  of  the  shape  of  pyr«j.x'cte  and  a-ketogl»tarete  dehydrogenase 
complexes.  In  this  laboratory  a  crost^-spraylng  apparatus  dewiaad  by  Femandez- 
Moran  was  set  and  the  negative  staiulng  witn  potassium  matbyl-photphetuiigstata 
is  now  in  progress.  As  an  internal  control  Z,  coli  pyruvate  and  a*-ketoglutar- 
ate  dehydrogenase  complexes  and  polystyrene,  hatex  molecule  which  calibrated 
a  diameter  and  obtained  from  Dow  Cn^’r.ical  Co.,  U.S.A. ,  are  used  for  this  pur¬ 
pose.  In  stead  of  shadowing  with  ^t-Pd.  Pt-carbon  will  be  introduced  to  pre¬ 
serve  native  shape  under  cooling.  Electron  microscope  studies  arc  in  progress, 
and  should  shed  further  light  on  j.ts  atructural  organization. 

4.  Conclusion 


a.  A  coenzyme  A-  and  !iAL  ;.-yra7ato  .lud  a-ketoglutaratc  dehydrogenase 

complexes  have  been  isolated  from  vti?;  acert  as  multienzyme  units  with  molecular 
weights  of  approximately  9  million  l.V  Million,  respectively.  The  pyruvate 
dehydrogenase  complex  containes  approximi>Lely  67  isoles  of  protein-bound  lipolc 
acid  and  17  moles  of  hound  FAD.  The  ratio  cf  bound  lipoic  -acid  to  FA0  in  this 
complex  is  5:1.  The  highly  purified  coraplej  is  free  of  thiamlne-PP  and  the 
activity  in  the  dlsmutatlon  .issay  wes  rascored  by  added  thiamlne-P?,  Kb*4.2  x 
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Purification  of  Pig  Heart  a-Ketoglutarate  Dehydrogenase  Complex 
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PDC:  Pyruvate  Dehydrogenase  Complex 
KGDC:  a-Ketoglutarate  Dehydrogenase  Complex 
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KCDC:  a-Ketoglutarate  Dehyirogenaae  Conpiex 


a;  Metal  eontenta  are  In  wolc  (  x  10''®)/ing*proteln. 
b;  Not  detected. 

PDC;  Pyruvate  Oehydrogenaae  Complex. 

KGDC;  o-Ketoglutarata  Oehydrogenaae  Complex. 


Fig.  1.  Electrophoretic  schlieren  pattern,  descending  (top)  and 
ascending  (bottom),  obtained  with  a  preparation  of  the  pyruvate 
dehydrogenase  complex,  13.3  mg  per  ml  of  0.05  M  potassiia  phos¬ 
phate  buffer,  pH  7.0,  after  182  minutes  (descending)  and  180 
minutes  (ascending)  at  4.6  volt  cm”^. 
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Fig.  2.  Electrophoretic  schlleren  pattern,  descending  (top)  and 
aacending  (botton),  obtained  with  a  preparation  of  the  »>keto> 
glutarate  dehydrogenase  complex,  1.32  ag  per  al  of  0.05  M  potas¬ 
sium  phosphate  buffer,  pH  7.0,  after  60  minutes  (descending)  and 
61  minutes  (ascending)  at  4.6  volt  crn'K 
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FIr.  4.  Ulcracentrifuge  schLlercn  pattern  obtained  with 
the  a-ketoglucaratc  dehydrogenaae  ceaplea,  4.8  og  per  al 
of  O.OS  M  potassium  phosphate  buffer,  pH  7.0,  aftar  27 
nloutca  at  47,660  rpa,  bar  angle  5S*. 
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Fig.  7.  ElecCroQ  micrograph  of  the  pyruvate  dehydrogenase 
complex  shadowcasted  with  Pt-Pd.  (  x  180,000) 


Fig.  8.  Electron  micrograph  of  the  o-ketoglutarate  de¬ 
hydrogenase  complex  shadowcasted  with  Pt-Pd.  (  x  180,000) 
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Fig.  9.  Electron  r.ic.-.  -ra.i’'.  of  the  pyruvate  dehydrogenase 
complex  positively  stained  with  uranyl  acetate.  (  x  300,000) 


Fig.  10.  Electron  r.icrograph  of  the  pynivate  dehydro¬ 
genase  complex  negatively  stained  with  potassium  phos- 
photungstate  (pH  7.5).  (  x  300,000)  . 
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Fig.  11.  Electron  microcriipn  of  the  a-ketoglutarate 
dehydrogenase  complex  stainoc  with  potassium  phos- 
phot»jngstate  (pH  7.5).  (  x  300,000) 


Fig.  12.  Electron  micrograph  of  the  a-ketoglutarate 
dehydrogenase  complex  stained  with  uranyl  acetate. 

(  X  300,000) 
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